Abstract Tibia and femur shaft fractures can sometimes lead to post-traumatic deformities. Correction by means of circular external frames is a valuable option. The aim of this article is to give an overview of the problem and to focus on some important technical issues of the preoperative planning, the surgical procedures, and the postsurgical management of circular external fixators.
Introduction
Fractures of the long bones of the lower limb (tibia and femur) occasionally result in post-traumatic malalignment as a result of malunion or nonunion of the bone. Diaphyseal malalignment can lead to secondary complications including difficulty walking, cosmetic abnormality, and chronic pain. In addition, abnormal peri-articular joint loading because of malalignment, muscle, or ligament strain may lead to early arthritis of adjacent joints [1] .
The incidence of femur fracture tends to have a bimodal age-distribution. The reported incidence of diaphyseal femur fracture is 10/100,000 persons per year [2] . With present surgical techniques in advanced nations, the incidence of malunion is decreasing, however, in general, malunions and nonunions remain problematic. The majority of femoral shaft nonunions are the result of a combination of angular and rotational deformity, as well as shortening. Currently accepted definitions of unacceptable femoral alignment include angulation or malrotation >10°or shortening >2 cm [3] .
Diaphyseal fracture of the tibia is the most commonly occurring fracture of a long bone. The incidence of diaphyseal tibia shaft fractures is approximately 26/100,000 fractures per year [4] . According to Milner et al as many as 8 % of tibial shaft fractures heal with levels of deformity outside of the acceptable range [5] . While the definition for unacceptable, tibial alignment remains elusive and is variably described in the literature, generally accepted recommendations of unacceptable alignment include varus/valgus angulation of >5°, >10°of anterior/posterior angulation, internal rotation >5°, external rotation >10°, or shortening of >1 cm [6] .
As previously mentioned values for acceptable long bone alignment remain ill-defined. Alterations in gait, including limp have been reported with leg length discrepancy of 2 cm or more [7] . Alterations in gait, however, are less clearly reported for rotational or angular deformity. Additionally the amount of deformity acceptable may vary on an individual basis and may have to do with pre-existing deformity or variability in mechanical axes. For example, a patient with increased native varus alignment who sustains and injury with resulting worsening varus malalignment and deformity may be more adversely affected than an individual with less native varus alignment [8] .
In current practice, there are 3 generally accepted indications for corrective osteotomy of post-traumatic diaphyseal (tibia an femur) malalignment. These include malalignment, which leads to: (1) a painful functional deficit, (2) an unacceptable cosmetic appearance, and (3) a high risk for degenerative osteoarthritis due to abnormal load distribution of adjacent joints. The treatments for post-traumatic malalignment are variable. Given the variability in the etiology, deformity, and treatment options available, making evidence based recommendations on the basis of current literature is difficult. However, the treatment principles of posttraumatic malalignment of both the tibia and femur are similar. When malalignment (nonunion) is diagnosed early, the treatment will be correction of malalignment and bony stabilization in acceptable alignment with adherence to accepted bone healing principles. When malalignment is diagnosed late (malunion) and the bone is healed, corrective osteotomy will be required. Corrective osteotomies require thoughtful preoperative planning for both the correction of deformity as well as subsequent fixation. This article will review classic and more recently published studies on the principles behind and the techniques for diaphyseal osteotomy for post-traumatic malalignment.
Preoperative planning
Preoperative planning is perhaps the most important step to successful treatment of post-traumatic malalignment. The most powerful site of osteotomy is that which is closest to the deformity allowing a surgeon to obtain maximal correction without creating distortion of the treated limb. The basic method for preoperative planning is drafting to simulate the location of osteotomy, fixation implant, and bone graft needs.
There are many options for osteotomy in current practice. A transverse osteotomy is the best way to treat malunion with malrotation alone. The closing and opening wedge osteotomies are a variation of transverse osteotomy. The closing wedge osteotomy can provide good stability and often does not require a bone graft [8] . The disadvantages relate to soft tissue balance, particularly if performed close to a joint and involving shortening of the limb. The opening wedge is technically easier as surgeons can adjust the degree of correction after osteotomy. Another advantage of the opening wedge osteotomy is the treated limb will invariably gain length. The main disadvantage of opening wedge osteotomies, are that they require a bone graft to fill the wedge. This may lead to a longer healing time and longer time to fully heal the osteotomy site. For wedge osteotomy, the most important step is accurate pre-operative planning and accurate intraoperative osteotomy. Knight et al reported the precision guide pin technique for wedge and rotational deformity in long bones of the lower limbs [9] . They compared the accuracy of the technique by comparing pre-operative templating with postoperative results in 57 patients and found that 85 % of cases were within±3°of the preoperative templating. Pullisetti et al presented a mathematical formula that can convert the malrotation angle in pre-operative CT scan to millimeter of bone to be removed intra-operatively [10] .
The oblique osteotomy can provide multidimensional correction of deformity in 1 cut. It provides good apposition of bone surfaces, which can be compressed with lag screw and has good bending and rotational deformity. However, the planning and execution of such oblique osteotomies can be difficult [11] . In an attempt to improve the precision of osteotomy, new technologies that incorporate computational calculation have been reported. Dobbe et al reported a computational assisted method for 3D planning and realizing a single cut rotational osteotomy with a patient specific cutting guide using plastic bone [12] . They found the system is easily applicable, accurate, reproducible, and cheaper when compared with previous navigation systems. The clamshell osteotomy is also a good option in longer segment malunions [13] . The dome osteotomy works best in metaphyseal bone and has less of a role in correction of diaphyseal deformity [8] .
Technical considerations
While a variety of options exist for fixation of the corrected limb (Table 1) our group has had significant experience with the use of ringed external fixation. Below we will review our experience and the technical considerations for correction of diaphyseal osteotomy after post-traumatic malalignment.
Why the circular external fixation in the lower limb deformities correction?
The circular ExFix frames are very "biological" in the correction management and moreover easy enough to be removed at the end of the treatment, not leaving any devices in the patient's body. The frames are very stable so that the patient can be allowed full weightbearing early. As they are open to operators, the surgeon can perform additional corrections while the frames are in place.
While the traditional circular external fixators according to the Ilizarov call for a very thorough planning, made up somehow of rigid consecutive steps (angles, length, torsion, and translation), entailing a long learning curve, the hexapodalic (derived from the Greek, like saying 6-legged) systems allow the surgeon to face the deformity as a unique problem and to perform the correction simultaneously in different planes. In order to run the synchronous multiplanar corrections, a computer with dedicated software is needed.
The theoretical cornerstone of the hexapodalic frames is the Stewart platform, a structure based on 2 platforms hinged together by means of 6 telescopic cylinders with universal joints at their ends. The Stewart platform was invented to allow 6°degrees of freedom (x, lateral, y, longitudinal, z vertical, plus the possibilities of pitch, roll, and yaw) in moving an object (a radar antenna or a flight simulator in the origins) in relation to a basis assumed to be parallel to the ground; this means that our object is free to move in a virtually complete hemisphere.
Anatomic and geometric parameters
Clinical and radiological exams
The clinical examination is focused on the macroscopic limb deformities and the length discrepancy, the gait abnormalities, and the joint instabilities (especially knee and ankle). The examination should be carried out with the patient lying down in a supine position and with the patient standing: very often joint instability can change the pattern of the deformities with the upright patient. The imaging is based on the AP teleradiography of both lower limbs in standing position with the patellae "looking" forward along parallel lines (the "zenith" position). Sometimes a lateral teleradiography is needed, with the knee fully extended. If a leg length discrepancy is present, a wedge should be put under the shorter limb in order to get the pelvis parallel to the ground (the height of the wedge is, obviously, the amount of the discrepancy). If a torsional abnormality is suspected, a CT scan focused on the limb rotation in comparison with the patient's physiology (the unaffected side) should be performed. The general rules are effective both for the traditional Ilizarov technique and for the hexapodalic frames.
Lower limb alignment
The lower limbs mechanical axis is the line connecting the center of the femoral head with the center of the tibial pilon. This line doesn't run exactly in the center of the knee, but should be a little medial (about 8 mm). The Mechanical Axis Deviation (MAD) is the valgus/varus indicator.
The tibia mechanical axis is the line connecting the knee center with the tibial pilon center. The tibia anatomic axis is the mid diaphysis line, both in AP and in lateral views. Normally, the tibia anatomic axis runs, in the AP view, from the medial tibial spine and to a point 4 mm medial to the center of the ankle and, in the lateral view, from a point located at the limit between the anterior fifth and the posterior four-fifths to the top of the tibial pilon dome.
The femur mechanical axis connects the center of the femoral head with the knee center in the frontal plane, while it runs from the center of the femoral head to the junction between the anterior third with the posterior two-thirds of a line drawn at the greater AP condyles dimension in the sagittal plane (around the Install line in the lateral X-ray view). The femur anatomic axis is the midshaft line in AP view. From lateral, it is bow-shaped, with an anterior convexity as it gets more difficult to be located. Normally, the femur anatomic axis makes a 4°-6°angle with the femur mechanical axis, in the AP view.
Every deformity divides the segment into some (2 or more) smaller parts, that can be put in reference to the anatomic axis. In general the anatomic axis permits an easier deformity calculation.
When the deformity is close to a joint (knee or ankle), the segment toward the joint is usually too short to be calculated. In this case our attention should be focused on the joint orientation, as the angle between the joint line and a certain axis (Fig. 1) . To get this measurement some references are needed:
(1) which axis we are taking in exam, anatomic (a) or mechanical (m); (2) which side of the axis we are at, lateral (L) or medial (M) in the frontal plane, anterior (A) or posterior (P) in the sagittal plane; (3) which part of the joint, in relation to the bone (femur or tibia), are we considering, proximal (P) or distal (D); (4) which bone, femur (F) or tibia (T).
Taking in examining the condyles of the femur, their angular position will be defined by the mechanical Lateral Distal Femur Angle (mLDFA, 88°, 85°-90°in the healthy femur), by the anatomic Lateral Distal Femur Angle (aLDFA, 81°, 79°-83°), and the mechanical Posterior Distal Femur Angle (mPDFA, 83°, 79°-87°). The tibial plateau will be determined by the mechanical Medial Proximal Tibia Angle (mMPTA, physiologically 87°, 85°-90°) and the anatomic Posterior Proximal Tibia Angle (aPPTA, 81°, 77°-84°). The tibial pilon position arises from the anatomic Lateral Distal Tibia Angle (aLDTA, 89°, 86°-92°) and the anatomic Anterior Distal Tibia Angle (aADTA, 80°, 78°-82°) [21] .
Very often we set the unaffected side measurements as the endpoint, rather than the average population values [26] .
The angular deformity and the "Center of Rotation of Angulation" (CORA)
The intersection between the axis of the abnormal segments, both in the frontal and in the sagittal plane, is the Center of Rotation of Angulation (CORA) [21] .
If the osteotomy is performed at the CORA, both the mechanical and the anatomic axis will be corrected. If the osteotomy is made away from the CORA, there will be a variable lateral/medial or posterior/anterior shift of the reference segment, resulting in a various amount of mechanical or anatomic deformation from the physiology.
If the correction hinges are put on the convexity of the vertex, the will be a lengthening associated with the angular restore and its amount will depend on the distance between the hinge and the vertex (if the distance gets higher, the lengthening will increase). As the bone has its own width, we are forced to put the hinges at least on the tangential line on the convexity, because if we shift the hinges to the concave side, the result will be a closing movement and an overpressure at the osteotomy site, with a very difficult or impossible correction.
The translation (lateral/medial or posterior/anterior shift)
The perpendicular line between the anatomic axis of the proximal fragment and the anatomic axis of the distal segment at the latter proximal top defines the value of the translation. This is useful because it is almost impossible that the lateral shift takes place between 2 parallel fragments.
The limb length discrepancy
If no angular deformity is detected the limbs length discrepancy comes from the comparison between the anatomic axis of the segments on both sides. When the inequality is associated with an angular deviation, the correct limb length is inferred by the sum of the segments' length measured on the convexity of the deformity: if the sum corresponds to the length of the healthy side, the angular deviation(s) is(are) the only issue(s).
When the deformity is complex (multiple planes deviation), usually the length discrepancy is the last parameter to be corrected. This means that the planning and the treatment program have to be focused on the angles first.
The rotational deformity
The rotational deformities are those that arise around the longitudinal axis of the bone. Plain X-rays very seldom assess exactly the issue, CT scan focused on torsions can be an important tool, but only the thorough clinical examination is capable of appraising the patient's need [27] .
General rules in the pre-operative planning
The reference fragment Usually the position of the distal fragment in relation to the proximal one defines the deformity. When dealing with a hexapodalic frame this is partially true, as the reference , a certain amount of lateral shift was expected. Some degrees of anatomic varus, limb mechanical axis, and lengthening restoration fragment could be proximal or distal upon the surgeon's decision. The other fragment will be called corresponding or moving. In general, the smallest one is assumed to be the reference fragment.
The origin and the corresponding point
The origin is a point conventionally put along the reference fragment axis and should be the fulcrum of every correction. It should be clearly pinpointed both in the AP and in the lateral view (for instance it could be the CORA or a bone anatomic spot).
On the corresponding fragment one will find the corresponding point, considered to be coinciding with the origin before the deformity arose.
Planning methods
Five planning methods are commonly used to assess the 6 deformity parameters and to plan the circular frame correction:
(1) the fracture method: 2 points are pinpointed on the 2 fragments after the frame application, frequently adopted in the trauma, but anyway useful for simple translational corrections, very intuitive [28] ; (2) the CORAgin method: the origin lies on the CORA, the corresponding point is to be located (assessments are performed before surgery) [26] (Fig. 2) ; (3) the CORAsponding method: the corresponding point is on the CORA, the origin is to be located (before surgery) [26] ; (4) the virtual hinge method: the origin and the corresponding point coincide at the same point on the convex side of the bone (before surgery), very easy when the issue is just a monoplanar correction, with a minimal need for translation [26] ; (5) Line of Closest Approach (LOCA): it is focused on the spot where the osteotomy minimizes the bone shift during the correction (before surgery). This approach gives a comprehensive overview of the deformity, taking to one perspective the multiple points of view on the bone. It gets the most when facing an important torsional axial deformity [29•] .
In all, the 5 methods the torsion deformity is assessed by the association of the clinical data put together torsion-focused CT results.
Surgical technique

Patient positioning and preparation
The patient should be put in the supine position on a radiotransparent surgical bed, with a soft support under the buttock of the affected side in order to counterbalance the tendency to external rotation.
The tourniquet could be put in place, but not inflated, to be used in case of emergency. An inflated tourniquet can be an obstacle if it conceals vascular damage provoked by a wire or a screw.
When draping a patient who will undergo a tibia correction, the patella has to be visible in order to correctly assess the clinical torsions.
In general a line drawn from the middle of the patella put in vertical position to the second intermetatarsal space with the ankle 90°extended should assure a sufficiently reliable rotational alignment, but the best option is the comparison with the unaffected side.
To evaluate the femur physiological rotation we suggest taking a fluoroscopy shot of the proximal healthy femur with the patella at the "zenith" position before starting the operation. This will be useful if compared with the affected side while performing surgery.
Before starting, it is advisable to take some fluoroscopy images of the affected limb with metallic localizers in order to mark anatomic spots, the joint lines, the bone axes, and the site of the planned osteotomy on the patient's skin.
Procedure
While facing a correction with an external frame, monolateral, traditional circular, or hexapodalic, an essential issue is the Fig. 2 The CORAgin method stability of the interface between the bone and the device. A "light" frame, with few screws, half-pins or wires may not be the best mechanical option, even if it looks comfortable for the patient, as it may sometimes lead to failure.
The way to get stability is the tripod, a 3-dimensional structure where a monoplanar hold is associated with another clutch lying in another plane. The tripod guarantees a certain stiffness of the set bone-frame, neutralizing the physical tendency to reciprocal rotation during the correction.
Following these principles, each single segment of the tibia/femur is firmly held at 2 different levels by means of:
(1) 1 ring at 1 level united to another ring more proximal or distal, each of the 2 in connection to the bone with at least 2 tensioned wires; (2) 1 ring, fixed to the bone with 2 or more tensioned wires, connected to a clamp joined to the bone through a screw or a half pin; (3) 2 different rings attached to the bone by screws or half-pins.
There is a widespread consensus about 2-ring-based hexapodalic frames [28, 30, 31] . This tendency, may very well be efficient in the geometric perspective; its risk, however, is that it can be poor in terms of bone grip. In this case, it is advisable to broaden the bone hold by some screws as far (proximal or distal) as the anatomic settings allow. When putting the screws between the rings, these should not interfere with the telescopic rods and their future planned movements.
In the wire-based rings, the most stable construction is achieved when the wires form a 90°angle. This is a theoretical goal, as very often wires application depends on the anatomic site and the need to prevent nerves and vessels from crossing.
Our rule in tensioning the wires is to stay below 100 kilograms in the epiphysis (usually around 90) and below 130 (around 120) kilograms in the diaphysis.
Approaching the joints, the articular capsules should not be transfixed. In general, 10 mm proximal to the ankle joint line and 15 mm distal to the knee joint line could be considered as safe zones. Inserting the wires in the distal femur, the surgeon has to keep in mind the position and the anatomy of the intercondylar notch, as this needs to be respected both in flexion and in extension.
The possibility of stretching skin and soft tissues at their interface with wires or with screws has to be avoided, even anticipating the regular joint motion and the future frame evolution: even though everything is going fine with the patient motionless and supine on the operating bed, a strain could happen with walking and moving the limb, and with the external fixator evolving while correcting the bone deformity. One solution could be a small incision made from the entrance point in the direction of the hypothesized overstress.
For joint stiffness prevention it is recommends that wires and screws in proximity of the articulations are to be inserted through the flexor muscles with the extended joint and through the extensor muscles with the bent joint.
When using screws, our advice is for hydroxyapatite coating of the threaded surface, as it greatly improves the bonescrew tightness when a long treatment is planned. The screw's diameter should be at least 5 mm [32] .
The Construct
In general, the rings' inner diameter should exceed the maximum limb width of about 2 cm on every side. Considering the possible limb swelling, it is always better to leave a little bit more space. In certain selected cases, a 2/3 ring can be adopted for allowing a full range of motion, especially in the knee. Attention should be paid, in case of using 5/8 rings, to not over-tighten the wires because this can cause a ring collapse.
When planning a hexapodalic frame, the first rings to be chosen are the ones in relation to the segments to be corrected. They can be the same size or different in measures, while in a traditional Ilizarov assemblage all the rings share the same diameter.
After having identified the reference segment, the ring in the case of a hexapodalic frame, or the tripod in the case of a traditional circular apparatus, become the reference for other parts of the fixator.
The reference ring/tripod has to be perpendicular to the diaphyseal axis in the 2 traditional views (frontal and sagittal). The wire that allows for this position must lie on the same side of the ring (completely superior or inferior). In order to get the right-angles in the 2 planes, the frontal perpendicularity is taken first, then, in the lateral view, the ring is rotated until it is perpendicular to the lateral diaphyseal axis.
In inserting wires, the surgeon has to remember to apply a rubber tap around the wires on their entrance and exit sides before locking them to the rings. The rubber tap will be useful in keep the dressing sealed to the skin and, moreover, to localize the olive side when the wire has to be removed (the olive side will be tagged by a rounded cut).
When using screws instead of wires, as they are stiffer, to be perpendicular in the 2 views, the first inserted screw has to lie completely in the sagittal or in the frontal same plane of 1 of the 2 diaphyseal axes, orthogonal to 1 of these 2. Differently the rotation around the first screw axis would take the ring in an oblique plane in reference to the other axis.
In case of a hexapodalic frame a master tab (ie, an 8 cm rod), that would be the referring target for all the future corrections, has to be put anterior and in line with 1 of the 2 diaphyseal axis.
The correct positioning of the reference tripod is very similar in the general concepts.
The Osteotomy
Once the frame has been assembled and implanted according to plan, osteotomy has to be completed. The 2 most popular techniques are the use of a Gigli saw and the De Bastiani (chisel-based) technique.
Before performing the bone cut, all the lengths of the rods (usually 4) or of the telescopic struts (6) surrounding the osteotomy site have to be recorded, therefore, the rod nuts or the gauge ballpoints have to be released, in order to free the osteotomy site from any structural block.
We advise the use of the De Bastiani technique [33] because there are some advantages in terms of biology. First, the periosteum is cut for a very modest breach, preserving the external bone circulation. Second, it is based on a very limited use of the drill, at a low-rotation speed, preventing heat damage.
Once the level of the osteotomy is chosen, a very small longitudinal incision (about the width of a medium chisel) is made. The bone is then bored with a 4.5 mm drill bit through the greater axial diameter. The soft tissues protection is assured by a sleeve, which is, furthermore, useful in aiming the drill.
In order to prevent over-perforation beyond the far cortex when the drill bit bumps into the latter, a safety ring is locked over the drill bit, about 5-8 mm from the protection sleeve's entering hole (this distance corresponds approximately to the width of a bone cortex). This way the drill bit tip cannot run much over the far cortex. The same procedure is then repeated some more times changing the entrance angle. The bone is now weakened in the entire circumference, so the osteotomy can be completed by means of a chisel.
When the osteotomy is complete, the rod nuts or the gauge ballpoints are locked again according with measurements earlier recorded.
The fibula osteotomy
The fibula osteotomy is nearly always associated to the tibia osteotomy. Very seldom is a fibula resection needed. It can be performed at a different level from the tibia osteotomy, usually about 8-10 cm proximal to the tibio-fibular distal syndesmosis as the surgical approach gets easier. If the fibula osteotomy is very far distal, while the tibial one is proximal, there is the risk for an important lateral migration of the distal tip the proximal fibular stump, causing a painful and anti-aesthetic lateral distal bump.
Different from the fibula resection for the tibia non-unions, in corrections the osteotomy is oblique. In the case of a rotational abnormality, over compression at the osteotomy site needs to be avoided. For an external rotation deformity the slope has to be carved in the direction of the anterior-posterior and proximal-distal; if the rotation is internal the cut will be posterior-anterior and proximal-distal.
In all cases where traction will be acted on the fibula osteotomy or when a considerable correction is planned, both the proximal and the distal tibio-fibular joints are to be stabilized with a transfixing wire or with a lag screw.
The structural danger in this procedure is mainly the interosseous artery. A good tip could be to inflate the tourniquet when performing the fibula osteotomy and to deflate it before the wound closure. If the bleeding control gets complicated, it is better to put some hemostatic dressing with some compression and to postpone the wound closure at the end of the surgery (after the frame application and the tibia osteotomy) to verify the effectiveness of the procedure.
Axial deformity
While the frame application is the first step of a relatively longterm therapy for gradually correcting angles, about 15°of the internal or external rotation can be possibly treated acutely in the operating room after having performed the osteotomy(ies). This option has to be conducted by an experienced surgeon and one has to be careful of nerves and vessels torsion and of any possible anatomic and local issues (ie, scars). The deformity has to be thoroughly assessed pre-operatively with an anglefocused CT-scan, comparative of both limbs.
The procedure relies on the surgeon's experience in comparing anatomic and radiological landmarks, or, more precisely, the need for an angular correction tool that has to be applied on the rings [34] .
The same angular correction tool can be used if the decision is to go through a gradual postoperative treatment.
In case of a hexapodalic frame, the axial deformity, together with the frontal and sagittal components, will be managed by the correction software at the same time.
Postsurgical management
Usually correction is started 5-10 days after surgery. After another 7-10 days, a 2P X-ray control is prescribed in order to check the start of the correction.
In pure lengthening, the speed for correction is ordinarily 0.50/0.75/1.00 mm per day, that is one-half or three-quarters or 1 complete turn of each correcting nuts. It would be better if turning the nuts was partitioned in 3 or 4 times in a day, but this calls for very collaborative patients. Facing a tibia or a femur, different anatomic and biological conditions, age, and coexisting patients' pathologies will lead to different protocols.
When performing axial corrections, the turning rate varies on the expected angular speed (the farther the turning nuts are from the CORA, the faster the turning rate will need to be). Very often, if the deformity is multiplanar, the hinges and correcting nuts will need to be changed during the treatment. The angular correction with a traditional circular frame is strongly dependent on the surgeon's experience, a relatively frequent X-ray revaluation, and on a very well-organized and accessible outpatient clinic.
When using hexapodalic frames, things are different, meaning that, as they are all software-based, the surgeon enters into the computer some anatomic, geometric, and frame-related data and decides on the correction rates and anatomic endpoints. As there are some different devices available, it would be impossible to describe each single one. In general, the patient's personal records, bone and side, frontal, sagittal, axial angles of the deformity, amount of shortening, frame identifying factors (rings diameters, position, and length of the telescopic struts), position of the reference ring in relation to the origin (lateral/medial, anterior/posterior and axial frame offset) are the input parameters. The software will provide some different options, like the final frame appearance and the correction rate. It is the surgeon's task to optimize the frame management. The software is even capable of anticipating the need for a strut change, with some days of tolerance, enabling the team to plan a well-established outpatient examinations agenda (Fig. 3) .
The patient needs to be educated in scrubbing the interface between skin and screws or wires every 2-3 days with iodopovidone in the first phases, and even once a week with a chlorhexidine solution later on as the inflammation regresses. The interface will be dressed with clean gauze sealing. The frame has to be cleaned every 1 or 2 weeks with physiologic solution.
The rehabilitation
In general the patient would be allowed to apply full weightbearing as soon as tolerated, unless anatomic or pathologic conditions or the frame instability advise differently. Indeed, this latter condition should be considered a complication and the surgeon has to fix it somehow, possibly with a new operation.
It is well known that corrections and especially lengthenings can provoke alterations in soft tissues, particularly the muscles.
The establishing of scars is a very important issue, because, while tying up different anatomic structures, it will significantly limit the joints movement. The hip, knee, and ankle should be kept at their full (until the limits of a possible frame impingement) range of motion. An early passive motion program is established and the patient should be encouraged to regain active movements as soon as possible.
The physiotherapist should focus on the patient's posture and on his/her gait scheme.
To counterbalance the tendency of foot plantar flexion, especially in the lengthenings [35] , we recommend an antiequinus soft foot support connected by means of some elastics to the frame, which allows for active ankle motion.
Frame removal
Before the removal 3 conditions have to be satisfied (the "three-legged stool rule"):
(1) a reasonable time has passed since the end of the correction (usually at least 3 months); (2) a 4-projections X-ray demonstrates a good callus formation; (3) the clinical test, by means of strong stresses at the correction site, all the struts open, the frame still in place, proves absolute stability.
Once the resolution is taken, the patient will be scheduled for the operation room. The anesthesiologists in our service usually opt for a light and short narcosis, or, more rarely, for a spinal anesthesia or a nerve block.
All the wires and the screws are unlocked, the wires are cut short to the skin. The wire has to be cut on the opposite side of the olive, if the latter is present. When wire and screws are free, they can be removed. A plaster cast is very seldom needed.
Usually we recommend to the patients to avoid overload or important torsion stresses for the first month after frame removal. We revaluate clinically and with a 2-projections Xray 2 months after frame removal.
Conclusions
Basically, a post-traumatic deformity can be treated with an all-in-one open surgical procedure, by means of internal plates, or with a gradual, minimally invasive, external framebased approach.
The external frame strategy offers some advantages in terms of biology and precision of the correction, while it is quite demanding for the patient and needs a very skilled surgeons' team.
In this paper we give a brief overview of the technical waypoints, in the planning as well as in the operating room, and of the anatomic landmarks that should respected in an external fixator treatment.
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